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methane at 98 K in a study of lattice symmetry of Khare et al. 10 and Pearl, Ngoh, Ospina, and 
tetrahedral molecules. The data were recorded at a Khanna 11 (PNOK) made transmission measurements 

spectral resolution of 1 cm -1 and covered the region for a number of thin-film samples (thicknesses be- 
20-200 cm -1 . tween 1.2 and 215g.m) of phase I and phase II 

Arning, Tibulski, and Dorfmuller 3 (ATD) obtained methane at 30 and 10 K, respectively, in an ongoing 
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thicknesses ranging from 0.242 to 11.35 gm, and the shortward of the blue. Therefore it is desirable to 

results were tabulated as optical constants. have some knowledge of the refractive index at one or 
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Table 2. Optical Constants of Liquid Methane 
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Table 3 . Optical Constants of Solid Methane c 


©C- 0 (Nt-~<NI>OlOrfO 

CDiO^QCqtNmHCOLOOOOOCOO^OOnCOO^H^ 

OOCDHQOOC-kOCOWlNlNOOOOOOCOlNN^COWJOHOMC-COO^gSSSSSHOOOOO 

omwt"®S«5Wifln«ncQcqo5«wwi>i>i>cD^i;eoMcoHHq^HHHHHqoooo 

ON®t^^l>eoriricOW«(NN<N«NNHriHHHHHHHHHH©©00©©00000 

© © CO 


eo co eo co co co 


+ + + + + + + + + + 

irtTt<Ti<ioincoi*oioioLO 


O © © © © O © 


©©©©©©©©©©©©©©©©©o©©©© 


xxxxxxxx 


xxxxxxxxxxxxx 


© © © 
M © © 
X © © 


©©©©©©©©© 




? 3 §§®®§S 8 %»S«HH 5 BiS 98 t^SSHb 8 

coc^t>uo©^c^^c^rHc^^u 6 ©uoc 6 ©co*-Hcccsi'^c^oo©i-t^-^r- 


^ (M CO W <— 1©00 

©^©C^COOOCO^© 

c 4 ©©^©©c^c<ic<i 


i + i + i + i + i + i 

03 t'CDC£l | X>^( 7 >H 0 J 00 C 001 C 0 WH l XlC 0 OI>HH 


H Ol CM CM oq M !M fN CO cc 


14 - 14 " I + 

t-H r*H rH © © C* CO © 




i-H O rH i-H rH 


i-H rH i-H O O O I • rH 


rQ - Jh CD TjH , 
d !g t 2 b © r ? 

is ^ 

~ S 3 d rH 4 
>i ©1 4 

T3 g S'; 
S 3 d > -o’ 

S 05 ^ d £ n 

0 ) s < 

^ "g g +3 jp 1 

S ‘3 fe &.S ^ 

■5 .cr g o | I 

# co ^ bo^ § 1 
_ o M ^ 1 

Q. Jj •!— i ^ 

~ Q, J? ! 

^ ’J rfi 

Cg a> 4 h ©h 
'"O ^ CO fab O c 
g g g ^ tc 
,rH ^ O be 0 ) c 

S * *-3 g 5 r 

.5 ,3 q 13 

1312 £rg 
cti S .+3 CD 
>3 ^ .22 S^c 

g .3 

“ S £ * S - 

fi •§ s T 3 J | 

£ 3 g 

,8 s & 8 e- 

t£ £ S"8. 


eo co co co co co 


-4- 4- + 4 4- + 4-4-4-4-4-4-4~4-4- + 4- 

w «^ HHH ( OM « HHHMcoMnnntifl || W »» w « w « 

©©©©©©©©©©©> 0 ©©©©©©©© 0©©©©©©©0 
©(— Ij — ItHt — lT - HrHrHr — ItHt-Ht— It — It— IrHi - Ht — It — It— It— It — Ir - Hi — It - H ^ Ht — It-Ht— I1 - H1-H 

©XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


©©__©©©©©©©©o_ 

rHr— l©^T— I t— It— I t— It— I t— I r-HoHt— 1 ^ 

xxqqxxxxxxxxxq 


©XXXXXXXXXXXXXXXXXXXXXXXXXXXAA^^x^^^^^---^ 


©©^©©©^^^©CDt— i^©U 0 ©©iO©’-" , ^E©©'^££-CNC^l>“© 
CO 0 COHIOWWIOOOHWOOWHOOHtJicO(N 4 I>CO 5 £)OOOOIOO 5 
d^Vujoi^(N 4 CNH(NHloajlCCOCCCOHc 6 cN 4 (NCO©HW 4 H 


COHOOOOOICOO 

©iOt-h<n©©©© 

COC 04 iOiri^(N(N 


mSBMSSSSSM^wSSMraMcowmwMrownnncoMncocc^^affitlN*^ 

rH t— 5 rH i— 5 rH t-H C5 rH i-H rH 1—5 rH rH t— I rH t-H t— 5 i— 4 rH i— I rH t— I t— 1 t— 1 t— I rH t— I rH t I i— I rH t— I t— I t-H i— I rH t— I t— I rH ^0 ©> ^0 


©©©©©©©©©©©©ao©©©©©©©©©©©q©©©©©©©©©qq©©© 

°gg^Si§§g§§§S 2 g§SS§S 5 §§§gSSSSSS 8 §gSES 2 Sn 

SS^ioa©©©©©©©©c ; J<NC<l(MM©©©©©© r-,( Xl ( XJ'^ ir:i ^r 0 ' : - :: ’ c ^ <: ^® 0iooc<5rH 


[" © © © © © rH 


^ © © 
© © © 
© © © 

© © © 
© t> © 

rH © © 


a? S 


te S 0 ) 

?H i ^ ^ 

S 4 = . 


O 3 ?"§ 

O £ "S 
o +j ©3 
o a 'Q 

0 «J 

lO © pH 

U 

-B 4) 

5 • 

•I 

>< o lO 

1 8 '■ S l> 

6 
« 

Q-S g 


ugT 
a 3 E 

s | ° 

- 2 ° 
«i 3 o 

S ^ H 


M 03 >< 

•§■8 S 

a ^ a 

§ ^ 05 

cr +3 >o 

CD 42 

4 h 

s 5 s 

pq rj-^ cb 
bJD^ CD 
■ d 5 ?h 

rfl 3 U 


o 

S t-H © © © 

eo © © q 

S co © © © 


©CM © © 
(N I> © 
© © t> l> 


4 (N cq (N 
CS| © © © 
4 4 ^ W 


OOO u ^ g 

© © ©. pc; pH jg 


8 rfS>8 

§ g '% § 

■SES? 
•S ° cS H 

43 

■♦*43 '3”. 
0 ftnp *g 
“ o w 

a 




^ ^ e s a) 
*p +3 0 Sx 

I 3 CCS ^ ” Cm<j 

! cr^ -g« H 
to S ft O « 

"2 .2 O ° -§ 

J .2 ^ J 3 

o o fe ■S +3 

•a 8,8 jS 

) ^ 0 QJ OS 
I o 43 43 fl O 

I <H -P -P 0) O 


b 

TJ 




S:S 
8 ‘B 

0) <L> 

'bb 


4 

a 

m 

o 

a 


cd a 

U 


rs ^ 

o © 


PS 

I— I 

I 

'S 

o 

a 

q6 

^bb 

&H 


Q> T3 

§ 

<D O 

§ o 


lO 


T3 0) 

5 a 

3 T 3 


ft.S 

a o 

5 « 

« 73 

0 ) fl 

^ 73 

|! 
P 43 
0 ^ 
g 43 

<2^ 
^ ?H 

o ,q 


a) a; 
43 43 
** H 

c«-i 

O . 

cc a 

p a 

o g 

•&•§ 

g .s 

* a 

£ * 
O - 
43 


* S3 


cd -h 

S-oS 

(P 0 P 

« & 8 S 13 

J>j i-h p< 43 Jh . 

«i ft tn cd 0 


<N I t= 
+ 
o 

^b, 

j*. 

£ 

II 

*- 

RS 


pp 

ta 

0 

£> 

c 

‘3 

t5 

a; 

o 

a 

p 


CG 

P 

,rH P 

<N .2 

o +* 
q g* 

o o 

cg 

43 a) 
^ u 
0 

CG J 3 
cg > 
0 !> 


© e 
m 13 
'S O 


J? CD 

O 43 

O 43 

?« 

5 I 

s'! 

•| c 

g 3 

£P c 
.9 'S 

■£ £ 
O A 

co 

rQ U 

cd 0 
^ 0 

g o 

P 43 


Id m 

ii'ltl 

m|j 

Ph ft 0 § 43 

CG CG g ° ^ 

g g 0 ) ^ 
^0^0 

HO O ^ Cd 
H (N > tfH g 

qqpo.s 
o o h >. cg 

d ri 7 ^ 


2 ® 

s & 


CG 

° U 

^ a 

+P o 


gl 

§ s ^ s :§. 
£t~% s 

e 8 5 ^ a) 1 > 

a ® . -s 

■g Is « S to 

• Oh Jj tn *Rh 0 

S ® -2 -g .y 

-d ^ 0 73 

5 '3 "3 Ch 
g 3^43 ® 

w o ■** o> 

cd^ M pp .5 
d 0 0 3 p 

•a 'S 5 9 ® 

a ttJE* 

6 c 2 42 ^3 2 


5 

-a 

TJ 

0 

6 
0 


0 ^ 

42 O 


q c -3 ^ 


' CG ' ' 

^3 g to & 
a ^ b o 

O h3? ® 

2^ “5 

2 te o JJ 

^ S| 

§3 
cd ^ 

-fl 

3 M° O 

? fij: » 

p +3 & 
>h > 

>43 

T3 M 


^ ^ 

0 0 
2 Id 

Z a 


a 3 +> 


SP 
tt E 
o ^ 

t£j .3 

32 73 . 

O 0 
43 

.2 & fl 
ntl 
2 


o 

CG 

cd . 

0 CG 


il _ 

® C0 43 

0 ^ ^ 

§ S-S 

43 


X! 

2 

Ph 

& 


,2 q 

rt J 


0 3 

r> * H 4 ^ 


^ 4p 

t3 0 
w cd 

0 


0 g 

CG W 


CG 

S I 

111 
fe d 0 f3 
o o 3 2 
43 *4p Cd a 


4J CG 
^ d 

ts£ 

ft p 

0 |_ d 
0 0 
4= -g 
P 43 
cd 
o 




CG 
0 

P P 

.2 ^3 _ 

> 42 


CG 

.2 
O CG 

P * W 

2 fl 
fl o 
cr • ^ 

g -e 

42 •£ 

pp Cd 
CG > 

o 

E S 

td ^ 
^ Id 
S 42 


CO 

CO 


to 

O 


CL 

o 


0. 

< 


0) 73 CO 

4 3 w 

a o • 

5 o o 

a ^ 


<D — 


7 h 

G) 

a 


o 

E 

0 

o 

0 

Q 




c s S 
3 fS 

co” J 

S ^ S 

$ o 

© , ft 

^ ° *3 

P3 CO «S 
.2 cu 

S © ^ 

s 

'43 > O 
.22 © CD 
Hft P^ ft 
i — i R 
7ft -+J -R 

5 § O 
„ R co 


03 


i. s 


S 6 ^s 

i f p 

£3 co 

b d « 
“ ,*4 
$o« 

S -R 

g 6 c3 

-p W ft 


ft 'g 

s § 

£ a 

0 ) o 

^‘5b 

T3 g 

0> R 

-4-3 OQ 

"8 ■£ 

T3 C 

© CO 

42 © 

.g 

43 — 

bp ft 

ft. 2 

R c/2 

43 *£ 

.2 s 

43 0 

£ .a 

-2 05 


ft a 
8 g 
o ta 

Ife 

c? 

si 


ft 


# bp 

E c 

ft .2 

• ph c /3 

a = 

& 2 

o £ 

43 O 

co O 


1 ^ 
ft Sh 

© c2 

ft Sh 

a © 

43 ^ 

It 
_. © 
3 £3 

g/3 

a -+p 
Pi 4^ 

<©H O 

O © 
cO £ 
•$43 

t .a 
2 ^ 
& * 



"ft © 

© 43 
N P-a 

Q) 

g ft 
g '3 o 
p S o 

^ JOH J 

.5 ^ uo 

-+4> _ ft R 

4^3 | 

8 I ° a 8 

43 ft co u 

© P « c+h 

R 13 2 ° 

© sL tft , 

> nft 

? 4>4 jj 

■sl s 55 

§3 w g 

» ® g 

Sh © 



© .5 £ ft 
R ft ^ o 

2 R © 
So 8 ft © 

'Z ill 


■3-8*8 

J S ° 2 

SB fa ■5 >, 5 

© c2 ^ © 

e.S § 6 

.2 © ff T3 

tj ‘S ® ~ 

flj r-H ^ O 

C §"* « 
©HO ' 1 
R o “2 



CO CO © CO 

o ^ .s s 

© ^ ft ft 
§ ft P<to 

S>.| g g 
s $8:8 
r of. a 
>* © h 

S5 8 

S:g4 

PH- g ^ © 

• « 43 

C fli prt 


•4-a I; 

&B 

© T3 

£ ^ 

c3 

® © 
ft CO 

-R 03 
03 jh 

Q & 




Infill 

+3 © _ Rh © © 

-p _S m o S o 


! P 1 o ^ 

ft ^ i3 43 S 
43 o © ft d 

•S £ 9+2 


PH o © 3 

8 a’ft 

®ts4* 

&.S “-e 




g £ c« ®4 

d. -2 R ^ ±a 

. 5b a) © ,t3 

o © a^ ^ 

° R g P _PH 

R g ^ bft.^ 

<2-s ^ 

g ^ ^ S 

> tc £3 +5 31 

° © 2 Ph g 

* J.g 

43 co o R c3 

:s> | ^ ^ 6 

■§>h tH & 2 
2 © o 

£3 co h 

co co P -S 

r ig .2 © 


© © 

• d 43 ■ 
£03+2 

in 

^ to S 

b ® 
b 2 
S ^ 

. , S £ 
« 43 2 
T3 


R 

O 

CO 

rQ 

S 

o 


© 


© 


a^S - 

2 

co g 


© © g Ph 
co <3 u --0 -R 
p3 +j © -h 
bD ^ R 03 
'cm © P 43 

,2jtfS3 

L © .fa 

2 PX! 

ra <-h 


5 o' T - 

o ,fa 8 

0 T3 0^5 ~ 
CD d) O co © 

6 S£ g3 
■S ^ ° -2 n , 

^11^ o 

“ ® i -S -9 

•a a o § ts 

® .S 3 3 
Sh 43 CO +J -d- 


3S 

co 

R P Ph 

g a © 

i !» 

O a.g 

£3 © 


*l_i © .a 

© © ©h bprQ 

co U O 03 g 

£ 2 h >-S 

b£ § R J3 

R 2 O R^ © 

4 S « ° g 

3 p 


© =3 

43 O 03 

■ ' fc 

'S 

S 

£3 'o .ft! 

f S g 

>! a g 
° 6 § 
§ S u 


o ’ 

0 

CM 

Iti 

© 

R 

1 

© 

a 


o g? 

2 R 
^3 2 -R 
73 © co 

a ft 

co co 43 
© _ . . 33 


^ T3 

B e 


?H 

w o £ 
ft o 

H_| © O 

rj K -R 

O © T3 

■pH f3 O) 

co fts 43 

ft o 

+H ft © 

j 3 & a 
o 
o 


S' O a 1 


M M- 

O © * ft 

<2^.52 -8 2 

® “ 
> ft -4-a +J C 

© ft ft O 

’ 1 R ft +2 

R ft be R ft 

ft .ft H O +j 

42 .9 O ’ft 

hlo 2 -3 . © 

ih ft g pQ o 


§ 

o 

W 


w J IB 

a s- 


& 


i O 
43 C3 n , 
o © 

• pH HpS CO 

43 ^ O 
& 

®-ia 

£3 


a™ r ^ 
K 13 § ‘p 

© ft .ft T— I 

lS 6 

£ £ S.s 

S © -R 

ft R ft 47 

■ c ^ 3 § 
j-oft 2 ^ 
S ® I® 

4 £ I 1 13 

s*i J » 

| 2^-S 

> a is '72 

co ft u b 

illl 

HJ ft R ^ 
■R co ^ ft 


! 4-1 • CO 

» ft ft 
1 43 P 

' +-> > ph- 


CO © 

ir 

43 

CO 


a §--8 


R 

w*; 2 

&H M3 

. B 

-fa 3 
33 H 


i 

5*8. 

g «2 

^PrS 
< ■& 

I s 

S.| 
<« 5 

§H a 
o o 


ift R 

ft 

R r£) 
© M-C 


© 

© 9 ' 

a © 

CO Sh 


1111 

ft ft 4 h CD 

5 3 ^43 


« © -R 


bp 

E 0 1 


© 


rS © 
w © R 

ft © g 
2 £ ft 


p 2 © 

ft Ph 

O -R 

CO 

O 

© 

R 

ft 

CO 
CO 
© 

Sh 


T’-S 

a 

o 


C0 ’ 


p c 

+J w © 

© PhCN © £ 

- - -J3-§ 


hP 

b 

o 

'S 

§ 

o «J 

© T3 P2 

a © O 
co ft 
*ft © 
3 J g 
© "S g 
r 7 : a 
ft 0 co 
R © 

3 o ft 
ft 0) 

'“ t -m R' 

tn rft g 


! 43 O ’ 


a^ 



CT> 

o> 


<D 

n 

E 

CD 

O 

© 

D 


o 

> 


CO 

o 

t 

O 

Q 

LU 


CL 

CL 

< 




. J. Obriot, F. Fondere, Ph. Marteau, H. Vu, and K. Kobashi, 14. R. L. Amey and R. H. Cole, “Dielectric constants of liquefied 
“Far-infrared spectra of solid CH 4 under high pressure, ” noble gases and methane,” J. Chem. Phys. 40, 146-148 (1964). 

Chem. Phys. Lett. 60, 90-94(1978). 15. J. V. Martonchik, G. S. Orton, and J. F. Appleby, “Optical 

. U. Fink and G. T. Sill, “The infrared spectral properties of constants of NH 3 ice from the far infrared to the near 

frozen volatiles,” in Comets , L. L. Wilkening, ed. (U. Arizona ultraviolet,” Appl. Opt. 23, 541-547 (1984). 



compressed solid methane at low temperature,” J. Chem. Voyager measurements,” J. Geophys. Res. 96, 18907-18919 

Phys. 62, 764-770 (1975). (1991). 



20 December 1994 / Vol. 33, No. 36 / APPLIED OPTICS 8317 



